ABSTRACT Offshore software development outsourcing (OSDO) is a modern business strategy for producing high-quality software at a low cost. The OSDO refers to the practice of contracting to an offshore (extrinsic) organization to perform some or all software development work of a product. For the benefit of the OSDO vendors, this paper aims to develop a ''communication and coordination challenges mitigation model'' (CCCMM) that provides solutions for unambiguously defined communication and coordination processes in global software development (GSD) environment. Our proposed model is based on the fuzzy multi-attribute decision-making (FMADM) approach incorporating the capability of group decision-making. The FMADM approach is used both in the ranking of survey and assessment of case studies. First, the authors undertook a systematic literature review (SLR) that identified all cited challenges from a set of 101 articles. We identified 18 problem areas faced by the GSD vendors in OSDO relationships. Of these, six were ranked as critical. For the purpose of identifying corrective interventions, a second SLR was conducted that revealed 75 remedial measures extracted from 63 chosen articles. To validate our SLR findings, we surveyed 42 outsourcing experts from six countries. We also categorized six critical challenges and 75 corrective practices into four mitigation levels based on CMMI, SOVRM, and SOPM. In addition, two case studies were conducted to evaluate CCCMM outcomes in OSDO companies. The assessment results of the first case study do not recommend Company-A for the successful implementation of level-2 of the CCCMM, so Company-A stands at level-1. We have observed from the second case study that Company-B has implemented all the critical challenges of the level-2 only; therefore, Company-B is at level-2 ''success'' of the proposed assessment model.
dynamic and crucial component of a company's business model, selecting the best GSD locale to outsource software developmental operations bears substantial influence on successful outcomes [4] .
Global Software Development (GSD) has revolutionized conventional software development practices, especially since the conventional software market entered the era of smart handheld devices with operating systems like iOS and android, mobile applications, games and social networking applications. Definitions and building blocks for utility software as well as operating and computers systems have completely changed and a large number of state-ofthe-art tools and technologies are abundantly available, especially as software development accelerates and floods the market with innumerable applications. Under these circumstances, traditional approaches to software development fail to meet requirements of contemporary trends in the IT industry. Consequently, increasingly supple approaches have been designed for conventional software development that have precipitously replaced traditional methods [5] , [6] . Hence, legacy designs for these agile processes require modification to suitably attend 'latest trend' software development [5] .
Agile Software Development benefits GSD by emphasizing customer collaboration, individual interactions, continual collection of necessaries and the deliverance of a software product within both time and budgetary constraints, etc. [6] , [7] . Hence, GSD is gaining a rapidly advancing position that offers a number of advantages to clients and vendors. These benefits include geographic proximity to end-process consumer, competitive advantages, access to global talent pools and vendor opportunities to access new markets [8] . GSD also offers onshore organizations access to local knowledge, market proximity, flexible response modalities and response time in the face of diverse local opportunities, and access to highly qualified skilled human resources -all at lower costs [7] , [9] .
The major reasons that support GSD's dramatic growth are (i) round-the-clock development; (ii) access to highly qualified skilled personnel; (iii) the production of high quality software at low cost; (iv) and access to state-of-the-art Information and Communication Technologies (ICTs) [4] , [7] , [10] [11] [12] . Furthermore, the online availability of resources, skills, better business and economic environments, and the ready availability of highly qualified professionals in software outsourcing destinations like China, India, Pakistan etc. have all combined to create the present GSD reality [10] , [13] . As the world shrinks to a global village, software development processes pursue the cooperation and coordination of multiple teams that are spread across the globe and which possess unique capabilities and skills [14] . Moreover, studies indicate that the Collaborative Software Development model has several advantages that include increased productivity and cost efficiency [14] .
GSD typically involves stakeholders in different time zones and locations who hail from different national and organizational cultures that may even utilize different technologies in their collaborations. These temporal, geographical and socio-cultural departures can present significant communication, coordination and control challenges that need to be addressed to better realize the benefits of GSD [15] . Khan and Ilyas [15] identified 'cultural difference' as a critical challenge that negatively affects the entire OSDO process. Similarly, the 'management of knowledge sharing' is another important factor that is negatively affected by the ambiguous nature of knowledge in the absence of synchronized communication caused by a geographic barrier [16] .
Verner et al. [11] conducted a tertiary study and found numerous challenges which included the following: engineering issues, coordination of risk control measures, software component integration, cultural differences, issues involving the selection of an appropriate vendor, communication and collaboration, planning, software development processing, configuration management, training and architectural design.
II. BACKGROUND
Offshore outsourcing refers to contracts between a client and a geographically distant vendor [17] . Many software development companies competed over the last two decades to improve profit margins by (i) improving product-time-tomarket outcomes; (ii) hiring software experts living in countries with lower labor costs; (iii) and defying the 'clock' by running projects 24 hours a day. As a result, a large number of software development projects were/are performed under a network of global distribution at many different sites located in several countries. This distributed management approach is called Global Software Development (GSD) or Global Software Engineering (GSE) [18] . Offshore Software Development Outsourcing (OSDO) (i.e., offshore outsourcing) is an important paradigm within GSE for the development of high quality but less expensive software by professionals in low-wage/overhead countries [4] . India, Ireland, China and Russia are major vendor countries while the US, UK, Australia and Japan are leading client countries [19] . India has the largest vendor-market share, followed by China [20] . Researchers also predict that China will overtake India within the next decade [20] , [21] . Here are the top ten reasons why companies/organizations use software outsourcing [22] [23] [24] [25] :
• Reduce and control operating costs; • These specific functions are difficult to manage or out of control;
• Acceleration of re-engineering activities;
• The exploitation of offshore capabilities;
• Improve a company's focus;
• To free-up resources for other purposes;
• Reduce time to market;
• Gain access to world-class talent;
• Risk sharing;
• Resources not available internally.
The present research explores this area with an intensive effort to specifically identify significant risk factors that negatively affect OSDO communications and coordination efforts and also by classifying the most appropriate mitigating practices for vendors.
A. EXISTING WORK ON COMMUNICATION AND COORDINATION CHALLENGES IN OSDO
Communication and project coordination are the two major pillars that support successful OSDO relationships [26] . A lack of communication and/or effective project coordination unfavorably challenges any outsourced project [27] and when not addressed in time can lead to project failure. The major reason for such problematic occurrences is the geographical separation between client and vendor. Nonetheless, effective OSDO relationships thrive when communication and project coordination processes are optimized.
Poor communication and ineffective project coordination are major challenges to distributed software development [28] that often cause project failures [29] . As such, time zone and cultural differences appear to be the most significant communication challenges that negatively affect project coordination [30] .
According to Niazi et al. [31] , outsourcing projects with closer geographic and time zone proximity allow for more communications compared to projects assigned to vendors at a greater distance and disparate time zone. They reported that greater geographic dispersion and time zone disparity in distributed projects hamper communication and project coordination. Language differences also complicate OSDO communication and coordination [32] , [33] . Language barriers can prevent the implementation of new processes throughout an enterprise and also constrain necessary feedback between diverse departmental agents. As such, language differences negatively affect the achievement of team goals and objectives while also aggravating extant problems in business operations by hindering effective team/project-leader cohesion [33] . Khan and Ilyas [15] identified various intercultural challenges faced by vendors in OSDO relationships and argued that cultural differences also negatively impact communication and thus impede collaboration and coordination processes between clients and vendors [15] , [34] .
GSD's high degree of popularity is largely due to tremendous growth in Information Communication Technology (ICT), although high costs and a lack of ICT technology can hamper communication and coordination processes in offshore software outsourcing [11] , [35] . Trust is another basic factor that affects software outsourcing relationships [36] . Achieving and preserving trust in OSDO projects is a particularly important element, especially for dispersed team members that are also culturally and temporally distant [37] , [38] . OSDO communication and project coordination processes also suffer a lack of informal faceto-face contacts that multiply challenges to outsourcing organizations [39] , [40] . The lack of casual fraternization can distort communications by a lack of confidentiality and even healthy resistance (criticism) that then allows the transmission of incomplete/incorrect data with un-cooperative social overtones resulting in rumors, misunderstandings, mistakes and management difficulties-all of which lead to a loss of control and project failure [41] .
B. RESEARCH GAPS AND IMPETUS
This study identified, by undertaking both the Systematic Literature Review (SLR) and an Empirical Study, the problematic causes of failure and poor outcomes in OSDO communications and project coordination.
Moreover, and especially as India boasts more than half of all CMMI level-5 companies in the world [42] , we further noted the use of certification criteria to qualify software standards and models in the selection process of OSDO vendors. Hence, we hope that the present work will enhance the contemporary qualifying model by adding meaningful metrics to OSDO 
III. COMMUNICATION AND COORDINATION CHALLENGES/PRACTICES DETERMINING METHODS AND FRAMEWORK
This study developed a Communication and Coordination Challenges Mitigation Model (CCCMM) for software outsourcing organization evaluation based on the structure of CMMI and fuzzy multi-attribute-decision making (FMADM) approach [43] , [44] taking various critical communication and coordination challenges as main, while its implementation practices as sub-criteria. Methodology for the development of proposed model is shown in Fig. 1 . Details are given as follow:
In this study, we propose an analytical model for software outsourcing vendor organizations, using FMADM approach, to evaluate their ability towards communication and coordination relationship formation. Our proposed CCCMM framework consists of five main stages, as shown in 
A. CONDUCTION OF SLRs

Stage-1: Identification of communication and coordination challenges and its practices, and framing them into model form
In stage-1, two SLRs were executed to extract relevant data [45] : one to identify communication and coordination challenges and another to identify practical solutions [46] , [47] . We used the SLR approach as a major tool in previous studies [48] [49] [50] , as it methodically supports primary assessments [45] and for which we transcribed SLR protocols (taken from [49] ) to formulate a strategic plan for the present work. According to Kitchenham and others [25] , [45] , [51] [52] [53] [54] , the SLR process comprises three main stages: planning, conducting and reporting, we have identified 6 critical communication and coordination challenges (CCCC) and 75 practices from a sample of 164 papers.
B. CONDUCTION OF EMPIRICAL STUDY
Stage-2: Obtaining the importance weights of the critical communication and coordination challenges and its practices
In stage-2, we conducted a survey of forty-two (42) OSDO experts to validate SLRs findings and to find other important challenge(s) and practice(s). An empirical survey is an experiential investigation that obtains qualitative and/or quantitative descriptions from a sample population. It is the most widely used data collection tool in the collection of implicit data for a problem of interest or meticulous occurrence [38] , [55] , [56] . Other investigators have adopted a similar approach [23] , [24] , [38] , [57] . The findings of this stage are presented in table 5. In the light of the outcomes of the survey, we have revised the model. The survey also validated the initial grouping of the critical communication and coordination challenges and its practices into different mitigation levels.
C. CONDUCTION OF CASE STUDIES
Stage-3: Obtaining the possible implementation of the critical communication and coordination challenges and its practices
In stage-3, we have conducted a case study in OSDO organizations. The aim of the case study was twofold 1) to check the practicality of the proposed model and 2) to find the possible rating of the critical communication and coordination challenges and its practices. For rating, we use the dimension and guidance of the Motorola Assessment Tool [58] , as given in table 3. The outcome of this stage is summarized in table 7. In the light of the case study results, we have revised the proposed model.
We used case study tool for the evaluation of CCCMM, because it consider a powerful tool to provides useful real world information [59] . Two case studies were conducted to evaluate CCCMM's effects on OSDO client-vendor relationships. To support each case study, focused group sessions were also held with participants to obtain feedback on the proposed CCCMM. We employed a case study method as a validation tool to reveal critical data in a coincident software industry environment [59] . A real-time approach produces valuable insights that are crucial to problem solving strategy [60] , especially as the proposed CCCMM applies to OSDO praxis.
The assessment results of each company are shown in table 8 and 9.
The possible implementation weight of practice for offshore software development outsourcing relationship with regard to each critical communication and coordination challenges is calculated as follows:
Step 1: The participants in the case study was requested to provide their independent views about the extent of implementation of each practice in their organization from the three dimensions of Motorola Assessment Tool by choosing linguistic term as shown in table 2 and incorporating the Motorola guidelines as given in table 3.
Step 2: The linguistic terms are then transcribed into corresponding TFN an example based on critical communication and coordination challenge 2: ''Lack of ICT/Technological Cohesion'' are shown in table 7.
Step 3: Three-dimensional scores in TFN format are then converted to an average score in the same TFN format using (10) as shown in table 7.
Step 4: To aggregate the subjective judgments of the participants towards the implementation of practices (because the perception of each expert is different due to their role, experiences, and education level etc).
Equation (14) is used to get the synthesized TFN as listed in table 12 column 2 (see Appendix C for table 12).
Step 5: Then defuzzification of the TFN is carried out to obtain BNP in the crisp format using (15) 
Stage-4: Evaluate the outcomes
In stage-4, we evaluate the outcomes of stage 3. If high rate outcomes are obtained, then the successful conversion will be announced, otherwise, failure will be announced. In either case, we will proceed to next stage. We have also distributed the identified critical challenges and its practices into four mitigation levels based on the structure of CMMI [61] , IMM [62] , SOVRM [63] , SOPM [50] and SPIIMM [2] as shown in Table 4 .
The critical communication and coordination challenges and its practices are categorized into four mitigation levels as shown in Table 4 . The practices for these critical challenges are listed in Appendix-D (Table 13 ). The code CnPm presented in Table 4 means practice m for critical communication and coordination challenge n.
The proposed CCCMM holds four mitigation levels and each level addresses different critical communication and coordination challenge. For each critical challenge various practices are assigned as implementation guides. In order to attain a particular mitigation level, vendor organizations need to adopt each practice for that particular level. These four CCCMM levels are discussed below:
• Level 1: Adopted from SOVRM and CMMI (as is).
• Level 2: 'Communication'; focus is to appropriately address communication challenges. This level holds two critical communication challenges and twenty-two practices.
• Level 3: 'Proximity'; focus is to appropriately address all cultural, geographical and language differences. This level holds three communication and coordination challenges and thirty-six practices.
• Level 4: 'Coordination'; focus is to good coordination of all outsourcing activities with the client. This level holds one critical communication and coordination challenge and seventeen practices. These four CCCMM mitigation levels have been established as sufficient to categorize vendor awareness for OSDO business relationships. Like CMMI, IMM, SOVRM and SOPM, challenges or factors and its practices were also distributed between the different levels. Appendix A lists the corrective practices assigned to each challenge included in the CCCMM's mitigation levels. All remedial practices included in the final list derived from industry practitioners who acknowledged the mass real-life outsourcing experiences. Nonetheless, we did a thorough review to remove iterations.
Stage-5: Assess the OSDO organization through proposed model
After the assessment, the model will indicate weak critical communication and coordination processes in case of failure, while in case of success; the model will announce the mitigation level and further improvements direction.
E. OBTAINING THE IMPORTANCE WEIGHTS OF THE CHALLENGES AND ITS PRACTICES
This study presented an easy way to grasp linguistic terms, parameterize using triangular fuzzy numbers (TFNs), to express subjective agreement or disagreement about the significance of various practices. We were interested in findings the importance weight because not all of the practices are equally important.
A fuzzy set allocates the value of memberships to objects within its universe of discourse in a range of zero and one. Let U is a universal set whose elements are {u} then, a fuzzy set X is defined by its membership function as follows:
which allocates to each {u} a grade of membership X in interval [0, 1]. Several articles have mentioned that the subjective fuzziness of human thoughts can be dispensed by incorporating fuzzy set theory [64] [65] [66] . For such circumstances, linguistic scale was recommended giving a practical means of unfolding. We have incorporated seven points linguistic scale for assigning the importance weight of communication and coordination practices as shown in the case study organizations to rate the implementation of communication and coordination practices across the three dimensions (approach, deployment, results).
The procedure for obtaining the significance weights of practices are explained in the following steps:
Step 1: Translate the responses of the survey participant into a matrix A using scale as presented in table 2.
. . .
where n represent the total number of practices and m represent total number of respondent,α i j = (lα i j , mα i j , uα i j ) shows the fuzzy weight of the practices given by ith respondent for jth practice. One example, of the result, is given in table 5.
Step 2: Since the subjective evaluation of each participant vary with respect to their experience, role, perception, and understanding of the subject matter. Therefore, we incorporated the mean score approach to aggregate the fuzzy importance of each practices by m respondent.
whereω j = (lω j , mω j , uω j ) shows the aggregate fuzzy importance weight of the jth practice.
Step 3: The aggregated TFNω j is used to obtain the best non-fuzzy performance (BNF) value, BNP Wj . BNP Wj can be produced through (4)
Here, BNPw j represents the BNP value for the TFNω j while W j is the importance weight of the jth practice in classical (crisp) number format.
Step 4: After the defuzzification of TFN in step 4, crisp numbers are obtained and normalized using (5) .
where R j shows the normalized significance weight of the jth practice such that n j=1 R j = 1. We also calculated and normalized the crisp number for each practice within critical challenges R PC and within level R PL using (6) .
In (6) 
In (7) W PL represent the BNP weight of the each individual practice in the respective mitigation level, while h is the total number of practices in that level.
Using W PC (BNP weight of practice in critical communication and coordination challenge), we can calculate the W C BNP weight of each critical challenge by (8) and W L BNP weight of each level by using (9).
F. OBTAINING THE EXTENT OF IMPLEMENTATION OF THE PRACTICES IN THE RESPECTIVE ORGANIZATION
The procedures for obtaining the extent implementation of the practices in the respective organization are explained in the following steps:
Step 1: Create three matrices B A , B D , and B R for the extent of implementation of practices ( P J , 1, 2, 3, . . . , n). A, D and R represent the three dimensions of Motorola assessment tool as given in table 3 using (2). The respondent of the survey ( R i , 1, 2, 3 , . . . , m) are then questioned to give their subjective opinions about the extent of implementation of each practice in their respective organization the guidelines of Motorola assessment tool as specified in table 3, by choosing linguistic term as given in table 2.
Where n represent the total number of practices, m represent total number of respondent and
shows the fuzzy implementation of the practices given by ith respondent for jth practice. After getting the evaluation in three dimensions ( B A , B D , and B R ), we obtained mean evaluation B M by (10) .
where M, represents mean or average. One example, of the result, is given in table 7.
Step 2: We aggregate the fuzzy implementation of each practice by m respondent using (3). Theω j was replaced with q j to represent weight in case study.
Whereq j = (lq j , mq j , uq j ) shows the aggregate fuzzy weight of the jth practice.
Step 3: The aggregated triangular fuzzy numbers (TFN)q j is used to obtain can be produced through (4) .
(W is replace with Q in formula to represents weights in case study)
Here, BNP Qj represents the BNP value for the TFNq j while Q j is the crisp implementation of the jth practice in classical number format. 
G. DETERMINING THE SUCCESS POSIBILITY OF COVERSION TO MITIGATION
Once we get the weight of the practice R j and implementation of the practice Q j in the organization, then it is easy to obtain the possible success P success by equation (11) .
If the possibility of success is known then it is easy to find the possibility of failure by equation (12) .
IV. EMPIRICAL CASES FOR ASSESSING THE POSSIBILITY OF SUCCESS OF COMMUNICATION AND COORDINATION PROCESS
As discussed in section III, in order to validate SLRs findings, we conducted a survey of forty-two (42) OSDO experts. An empirical survey is an experiential investigation that obtains qualitative and/or quantitative descriptions from a sample population. It is the most widely used data collection tool in the collection of implicit data for a problem of interest or meticulous occurrence [38] , [55] [56] [57] . Other investigators have adopted a similar approach [23] , [24] , [38] , [57] .
A. STEPS FOLLOWED IN CONDUCTION OF EMPIRICAL STUDY
We have followed the following steps in conduction of questionnaire survey.
1) COLLECTION OF DATA AND INSTRUMENTS USED IN THE EXISTING EMPIRICAL STUDY
The main intention of the survey was to gather knowledge from the experience and opinions of industry practitioners in the context of client-vendor OSDO relationships. Hence, it is primarily qualitative research focused on a contextual sociocultural phenomena with an observation to acquire impression of a complex area and toward survey the topic [55] , [67] . Questionnaires surveys are mainly appropriate in favor of collection of qualitative data for the reason that they provide a chance in support of argument and investigation of innovative areas [55] , [67] . We also used Google Drive a free online tool for the collection of data and as an instrument tool.
2) EMPIRICAL STUDY VALIDITY
Before deployment, five associate members of the SERG_ UOM@YAHOOGROUPS.COM, with several years experience, tested the questionnaire survey and confirmed that it would take approximately thirty minutes to complete the survey. They also made suggestions for changes in delivery and question sequencing.
3) IMPLEMENTING THE QUESTIONNAIRE SURVEY
Before launching the survey, we mailed research summary and letter of invitation to websites such as ''Yahoo, Linkedln and Facebook'' and Software companies at Pakistan. Further, we additionally requested the authors of relevant industrial papers 1 to participate in the survey. In reply, 110 professional experts consented to contribute, after which we sent them the questionnaire's web link. We received a total of 48 completed questionnaire survey results in a predefined time frame. After pertaining qualification criterion, we excluded six (06) questionnaires. A total of 42 responses remained for further analysis. Of these, six experts were foreigners and the remaining 36 were Pakistani nationals.
4) DATA ANALYSIS STRATEGY
The 42 remaining responses yielded a 38.18% response rate for the survey.
5) DISCRIMINANT AND CONVERGENT VALIDITY
We have very high confidence that our existing study contributes to both academic and industrial venues regarding OSDO activities. Largely, the present findings complement our previous SLR [4] , [46] contributions to the discipline while offering robust concurrence between SLR and empirical outcomes [68] that fill the gap between industrial experience and academic speculations regarding OSDO client-vendor relationships.
B. WEIGHT CALCULATION OF THE CRITICAL COMMUNICATION AND COORDINATION CHALLENGES AND ITS PRACTICES IDENTIFIED THROUGH EMPIRICAL STUDY
We have found 75 practices (see Appendix A) through SLR and validated it through a questionnaire survey in 1 These papers had already been selected through our previously published SLRs. OSDO industries. These practices are used as input in the weight calculating process. Following are the steps followed in this process.
1) WEIGHT CALCULATION OF EACH PRACTICE
1. These OSDO experts are questioned to give their subjective judgment about the significance of each practice in OSDO activities incorporating linguistic scale presented in 4. Then defizzification of the TFN was carried out to obtain BNC in a crisp format using equation (4) . The outcomes are shown in table 11 column 3 and 4. The BNP value was used for ranking and further calculation as shown in table 11 (see  Appendix B for table 11). 5. The crisp number obtained in step 4 was normalized and the normalized importance R j of practices was obtained by using (5) which were further used to find an overall rank of each practice. The outcomes are presented in table 11 column 8 and 9 (see Appendix B for table 11).
6. We also calculated the weight of each level and each challenge by using Rj across level and challenge.
C. DETERMINING THE SUCCESS POSSIBILITY OF COMMUNICATION AND COORDINATION CHALLENGES MITIGATION CONVERSION/FORMATION
Once we have an importance weight R j and possible implementation Q j of practice then it is easy to calculate the possibility of success using (11) . The possibility of success for company A is shown in the second last column of table 8. The overall success is equal to the sum of the success of all practices. The success 0.5 indicates a 50% chance of both success and failure. Once we get value for the possibility of success then the possibility of failure can be calculated using (12) .
D. ASSESSMENT BASED ON THE MOTOROLA ASSESSMENT TOOL AND MODEL LEVELS
In order to find the possible mitigation level, and weak area for further improvements, the implementation score I C for each critical communication and coordination challenge and each level I L was calculated using (13) and (14) respectively.
In (13), k j=1 Q j represent the BNP weight Q C of the each individual critical challenge, Q L is um of the BNP weight of all practices in that level, k represent the total number of practices in that level.
I C = sum of the implementation score of all practices for that critical challenge (Q C ) / Sum of the implementation score of that level (W L ).
Q L = W L / sum of implementation of all practices/ solution (14)
V. RESULTS, ASSESSMENTS AND RECOMMENDATIONS
The importance weight and possible ranking of 75 practices for 6 critical communication and coordination challenges faced to OSDO vendor organizations in connection to CCCM formation are given in table 11 (see Appendix B) and We have examined that in Level two ''Communication'' C2P1, C2P5, C1P1, C1P3 and C1P6 are the most cited practices. In order to successfully achieve this level, OSDO vendor organization needs to follow the following practices: Similarly, we have observed that in order to achieve successful implementation of Level 3 ''Proximity'', OSDO vendor organization needs to follow the following top most practices in this level:
1. C4P11: Improve personal relationship with clients 2. C4P7: Encourage both asynchronous and synchronous communication It is an acknowledged leader in global consulting, IT services and business technology that provides offshore software services, web application development, and technical resource outsourcing at affordable costs. They offer strategy consulting in software solutions and the implementation of project development plans for customer's and holds excellent domain competencies in verticals such as Automotive, Healthcare, Manufacturing, Telecom-Infrastructure-Media-Entertainment and E-Governance, all of which make the company a market leader. The company also offers a range of expertise that aims to help customers re-engineer and re-invent their businesses to successfully compete in an ever-changing marketplace. The company's network spans six countries across six continents. Nearly 60+ dedicated and highly skilled IT professionals work in the company's development center in Pakistan and serve more than 150+ companies globally. They have a strategic business technology and marketing alliance with Microsoft that provides end-to-end services to their clients.
For the assessment, we have considered critical communication and coordination challenges and the rating of practices Q j is used as input. Following the guidelines of Motorola Assessment Tool in our fuzzy multi-attribute decision-making based assessment framework, an average score of 0.7 or above for each critical challenge will show that the specific critical challenge have been successfully implemented. Any critical challenge with an average score that falls below 7 will be considered weak. For a company to achieve any CCCMM level they need to implement all the cited critical challenges in that level. For example a company to get level 2 of CCCMM, their implementation score of ''Lack of Informal/Face-to-face meeting'' and ''Lack of ICT/Technological Cohesion'' must be >= 0.7. We use the similar criteria for the practices rating score, such as a practice has an average score of 0.7 or above will considered that a practice has been successfully implemented and below 7 will be considered as weak.
Our assessment results (table 8) do not recommended Company-A for successful implementation of level-2 of CCCMM because the success rate is less than 70% i.e. 69%. Table 8 shows that none of the level is implemented, so Company-A stands at level 1.
B. ASSESSMENT RESULTS AT COMPANY-B
The second company is also a software developing company located in Islamabad, Pakistan. It is a small sized company with about forty employees that provides the following services to clients:
• Android Development;
• I-phone Development;
• Brand Design; • Work to synchronize and ensure quality Architecture, Design, Development, Testing and Deployment;
• Understand Apple's likes and dislikes;
• Ensure proper requirements for high-level discussions on application concepts with a client's team;
• Create Apps that do not consume bandwidth and provide long-term value to customers;
• Ensure an application's ease of adaptability on iPhone 4, iPhone 4S, iPhone 5, iPhone 5s and all future iPhone versions;
• Understand every feature of iPhone such as Gyroscope, Accelerometer, GPS, touch screen, screen size, cameras, sensors, battery life, etc.
• Help iPhone application developers understand the iOS operating system and its development kit (iOS SDK);
• Create applications considering end-user satisfaction (User friendliness, ease of installation, operation and entertainment);
• Ensure documentation and authentication of standards that meet Apple's validation criteria;
• Ensure that an application is tested in both development and real-time venues before release on the Apple iStore Enterprise and on schedule. Table 9 shows the assessment results at Company-B. We have observed that this company has implemented all the critical challenges of the level-2 only; therefore Company-B is at level-2 success of the proposed assessment model.
C. MODIFICATION IN THE STRUCTURE OF CCCMM
In reviewing evaluation results from both case studies (see: tables 8 & 9), we noted the need to modify the CCCMM structure. We thus moved 'Language Difference' from the Level-3 to Level-4 'Coordination', as both companies had not fully addressed the 'Language Differences' challenge, indicating that remediation of this challenge proved difficult for them. We also changed the name of Level-3 from 'Proximity' (preliminary structure) to 'Familiarization' (revised structure), as shown in table 10.
VI. LIMITATIONS OF THE STUDY
The limitations of the study to criticize this research work is related to giving case specific empirical implication besides generalized one. In this paper, we have taken OSDO relationship as empirical case; however, the decision support framework based on multi-attribute assessment can be adopted for any MADM problems related to any field. Additionally, we have generalized the framework development methodology to such an extent that other researchers can easily adopt the proposed assessment model procedure and methodology for developing framework for their organization process improvements.
External validity focuses on overall outcomes in all domains. Here, our undeniable deficit is the partial figure of foreign contestants. Out of forty-two respondents only six were from abroad. We did prefer the inclusion of more foreign OSDO experts but due to scarce resources and time constraints it was not possible. Hence, this limitation thwarts any VOLUME 7, 2019 generalization of the study's results. However, we are fully confident that our findings complement outcomes reported in our previously published SLRs [4] , [46] , [49] , especially as there were no major differences between our SLR findings and empirical results [68] . Therefore, the present work may help to bridge the gap between academicians/ researchers and industry practitioners regarding the context of software outsourcing. Moreover, our empirical study and those of other researchers followed much the same approach [23] , [57] , [69] .
VII. CONCLUSION AND FUTURE WORK
In order to answer RQ1 and RQ2, we have conducted SLRs [4] , [46] and empirical study [70] . We identified through SLR 1 seventeen communication and coordination challenges faced to OSDO vendor organizations [4] , [46] . In these challenges six were consider critical. We have found 75 practices (see Appendix A) through SLR 2 for these critical challenges and validated it through a questionnaire survey in OSDO industries. To answer RQ3, this study developed a framework model (CCCMM) based on CMMI and FMADM approach for forecasting the possibility of successful OSDO relationship. A similar approach has been used by other researchers [1] .
The proposed model has two main parts such as; weighting or ranking, and assessment or rating. Due to the independent nature of the two parts, each part can be utilized individually. The ranking part of the proposed framework might be used as a ranking mechanism for critical communication and coordination challenges faced to OSDO vendor organizations. While the assessment part of the framework can be utilized as an assessment tool for the assessment of OSDO vendor organizations. The ranking part is demonstrated with the help of empirical survey while the assessment part of the framework is demonstrated by conducting case studies in the OSDO organizations. Collectively, it can be used as a decision support system.
To answer RQ4, the results show that our assessment framework is easy to understand, easy to use and can effectively judge the strengths and weakness of software outsourcing communication and coordination processes. Consequently, companies, organizations and enterprises can make use of this framework in order to improve their decision-making and take appropriative corrective actions as suggested by the framework model to avoid any loss in the form of resources and time.
Our proposed framework is currently implemented in the form of a spreadsheet, which can process data received through Google form.
In future, we plan to enhance the CCCMM in the form of a software tool to improve its usability for OSDO vendors. This tool will perform the following different activities and will generate different assessment reports for the OSDO vendors:
• Providing the results of assessment of each critical communication and coordination challenges and also for practices to address these challenges.
• Identifying status of the challenges i.e. weak and strong.
• Providing the mitigation level of the outsourcing organization.
• This tool will also guide the OSDO practitioners in successfully assessing the organization's mitigation VOLUME 7, 2019 level regarding communication and coordination challenges.
• Creating different assessment reports.
APPENDIX A (DOWNLOAD MEDIA ZIP FILE)
The complete judgment of survey experts and case study evaluation in TFN format can be found in the attached file. For weights of the practices of 
APPENDIX B RANKING OF THE PRACTICES
See Table 11 .
APPENDIX C RATING OF THE PRACTICES
See Table 12 . 
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